The evolutionary relationships of the genus with other Agaricomycetes have long been uncertain because of their unique morphology (Thiers 1984) . Recent molecular studies of the Bo letales have placed Octaviania within the Boletaceae (Binder & Hibbett 2006) , but the infrageneric systematics of Octaviania has not yet been studied. The well-known type species, O. astero sperma Vittad. has been reported worldwide (e.g., Vittadini 1831, Massee 1889 , Coker & Couch 1928 , Hawker 1954 , Moreno et al. 1991 , Cázares et al. 1992 , Tao et al. 1998 , Montecchi & Sarasini 2000 , but morphological diversity among collections from different regions indicates that this may not be a truly cosmopolitan species. Intensive studies in one region using both morphological and molecular techniques may reveal greater species diversity of the genus and provide a more precise understanding of its biogeography.
Three Octaviania species have so far been reported from Japan: O. columellifera Kobayasi (Kobayasi 1937) , O. astero sperma (Kobayasi et al. 1987 , Yoshimi & Doi 1989 , and O. tuber cu lata Hesse (Yoshimi & Doi 1989) . However, a recent study by Orihara et al. (2010) revealed that O. asterosperma sensu Yoshimi & Doi was a misidentification of O. columellifera, and they excluded O. columellifera from Octaviania and placed it into a new genus, Heliogaster. Another doubtful record of O. asterosperma from Japan was based on an insufficiently described specimen (Kobayasi et al. 1987) and is treated here as Octaviania sp.
The only remaining Japanese Octaviania species, O. tubercu lata, was collected in a subtropical angiosperm forest in Amamioshima Island in the Ryukyu Archipelago (Yoshimi & Doi 1989) and has not been subsequently reported. There are crucial morphological differences between the Japanese O. tuber culata described by Yoshimi & Doi (1989) and the authentic O. tuberculata from Europe, suggesting that this species report should be re-examined. Our recent intensive collecting of Japanese sequestrate fungi has yielded many unique fruitbodies that do not fit descriptions of any known Octaviania species, suggesting that the genus has greater diversity in this region than expected.
The aims of this study are: 1) clarify the diversity and the phylogenetic relationships of Octaviania in Japan; and 2) taxonomically evaluate each resulting species using a comprehensive approach that includes morphological, molecular, ecological, and phylogeographic evidence. We therefore conducted diversity and systematics of the sequestrate genus Octaviania in Japan: two new subgenera and eleven new species phylogenetic analyses and molecular comparison using the ITS1-5.8-ITS2 (ITS) region and large subunit (LSU) of nuclear rDNA (nrDNA) and the elongation factor-1α (EF-1α or tef1) gene datasets as well as macro-and micromorphological comparative observations including scanning electron microscopy (SEM) and transmission electron microscopy (TEM). In this publication we present a key to all known Japanese Octaviania species and we propose 11 new Octaviania species and two new subgenera (Parcaea and Fulvoglobus) . We also propose a substitute name for O. nigrescens (Zeller) Singer & A.H. Sm., which is a later homonym of O. nigrescens J.W. Cribb.
MATERIALS And METHodS

Taxon sampling and macro-and microscopic characterization
Fresh basidiomata were collected at various locations throughout Japan. After macro-and micromorphological observation and DNA extraction, the collected basidiomata were air-dried or freeze-dried for later examination. Dried herbarium specimens were obtained from the National Museum of Nature and Science, Tokyo (TNS), Kanagawa Prefectural Museum of Natural History (KPM), the Oregon State University Herbarium, Oregon, USA (OSC), the New York Botanical Garden, New York, USA (NY), and the Royal Botanic Gardens, Melbourne, Australia (MEL). The Octaviania specimens collected from Japan were grouped into 9 lineages (i.e., the Octaviania lineages A -I) based on morphological and ecological features. For standard light microscopy and differential interference contrast (DIC) microscopy, hand-cut sections of both fresh and dried specimens were mounted in water, 3 % KOH, lactic acid, lactoglycerol, lactophenol-cotton blue (LCB), or 1 % phloxine B aqueous solution. Ectomycorrhizas of Octaviania species were collected and examined when they were connected to basidiomata via rhizomorphs. Colours are described in general terms. Spore and spore ornament dimensions were measured based on 50 randomly selected spores unless otherwise noted. Since Orihara et al. (2010) noted that Octaviania basidiospore morphology (including spore ornament dimensions) is easily affected by acidic or alkaline solutions, the basidiospores and their ornaments were measured in water. The measurement was done using ImageJ v. 1.4.3 (http://rsbweb.nih.gov/ij/) and excluded both ornamentation and hilar appendages. The 95 % prediction interval of diameter of the basidiospores, shown without parentheses, was calculated as: (the endpoints of the 95 % prediction interval) = M ± t · SD n / 1 1 + (where M = mean value; t = t value under a Student's t-distribution with n-1 degrees of freedom (P = 0.05); SD = standard deviation; n = 50). The actual range in the measurement is shown in parentheses, but is omitted when it is the same as the value of the 95% prediction interval. Average size of basidia was calculated based on 15 randomly selected basidia unless otherwise noted.
SEM was carried out according to Maekawa (1987) . TEM protocols for fixation, post-fixation, dehydration, resin impregnation, and observation were those of Shimomura et al. (2007) . Specimens examined in this study were deposited in TNS or KPM.
DNA extraction, PCR amplification and sequencing
DNA was extracted from fresh or dried basidiomata using the FTA Classic Card or the Indicating FTA Cards (Whatman International Ltd, Maidstone, England) according to the manufacturer's instructions. PCR amplification of the ITS region and a part of the nLSU of the rDNA was carried out using one or two prepared FTA discs 2 mm diam, Ampdirect Plus and Nova Taq (Shimadzu Corporation, Kyoto, Japan) according to the manufacturer's instructions. The primer pairs for PCR were ITS1F (Gardes & Bruns 1993 ) / ITS4 (White et al. 1990) or ITS4B (Gardes & Bruns 1993) , ITS1F / ITS2 (White et al. 1990) , and/or ITS3 (White et al. 1990 ) / ITS4F for the ITS region, LR0R / LR5 (Vilgalys & Hester 1990) for the nLSU, and EF1-983F / EF1-2218R or EF1-1567R (Rehner & Buckley 2005) for EF-1α. Reactions were performed on a Astec Program Temp Control System PC-812 (Astec, Fukuoka, Japan) as follows: initial incubation at 95 °C for 10 min; in ITS amplification, a subsequent step of 10-12 cycles at 94 °C for 30 s, 60 °C for 60 s (decreasing 1 °C per cycle in the last 5 cycles), and 72 °C for 60 s (extending 1 s per cycle in the last 5 cycles), followed by 25 cycles at 94 °C for 30 s, 55 °C for 60 s, and 72 °C for 66 s (extending 1 s per cycle; thus the final elongation time is 90 s); in nLSU amplification, 35 cycles at 94 °C for 30 s, 50 °C for 60 s, and 72 °C for 90 s (extending 1 s per cycle in the last 30 cycles), followed by 5 cycles at 94 °C for 30 s, 50 °C for 60 s, and 72 °C for 120 s; and in EF-1α, 10 cycles at 94 °C for 30 s, 65 °C for 60 s (decreasing 1 °C per cycle), and 72 °C for 90 s, followed by 30 cycles at 94 °C for 30 s, 55 °C for 60 s, and 72 °C for 91 s (extending 1 s per cycle; thus the final elongation time is 90 s). A final elongation step of each run was at 72 °C for 7 min. All amplified PCR products were cleaned with ExoSAP-IT (USB Corporation, Cleveland, Ohio, USA) using the manufacturer's instructions. Bidirectional sequencing of the PCR products was performed using BigDye v. 3.1 terminator cycle sequencing kit (Applied Biosystems, Foster City, California, USA) with the following protocol: initial denaturation at 94 °C for 1 min, 94 °C for 10 s (denaturation), 55 °C (ITS) or 50 °C (nLSU and EF-1α) for 5 s (annealing), and 60 °C for 4 min (elongation). Primer pairs used for sequencing reactions were the same as above for ITS and nLSU rDNA whereas for EF-1α sequencing the primer EF1-2212R was used instead of EF1-2218R. Sequencing was conducted on an ABI 3130 Genetic Analyser or an ABI 3730xl DNA Analyser (Applied Biosystems, Foster City, California, USA). Sequences were edited with Sequence Scanner v. 1.0 (Applied Biosystems, Foster City, California, USA), BioEdit v. 7.0.9 (Hall 1999) , and Clustal X v. 1.83 (Thompson et al. 1997 ).
Phylogenetic analysis
Specimens used for phylogenetic analyses are listed in Table  1 and 2. A total of 77 sequences identified to the species level, including 12 sequences from GenBank/DDBJ/EMBL, were used for nLSU analyses. Sequences of Tylopilus chromapes (JN378517) and Austroboletus spp. (Table 2) were used as outgroups for the OctavianiaLeccinumLeccinellumCham onixiaRossbeevera clade. GenBank sequences of Octavi ania nigrescens (HQ328787-HQ328788) and O. tasmanica (HQ328790) were identical to those used in this study, but they were considerably shorter (< 624 bp long) and were thus not used in the analyses. For EF-1α analyses, a total of 56 sequences were included and T. chromapes JN378457 was selected as the outgroup taxon. For the combined nLSU and EF-1α phylogeny, a total of 65 sequences identified to the species level were selected based on BLAST search and downloaded from GenBank. For the ITS phylogenetic network analyses, sequences of O. asterosperma EU784378 -EU784379 and Octaviania sp. EU414289 -EU414290 were retrieved from the database. Multiple sequence alignment was performed using Clustal X and the data were manually adjusted in SeaView (Galtier et al. 1996) . Gaps were treated as 'missing' data for all analyses. All alignments and Bayesian trees generated from each alignment are deposited in TreeBASE (http://purl. org/phylo/treebase/phylows/study/TB2:S11908).
Bayesian analyses were conducted with MrBayes 3.1.2 (Ronquist & Huelsenbeck 2003) . For the nLSU dataset, the general time reversible model under the assumption of a discrete gamma-shaped rate variation with a proportion of invariable (Nylander 2004 ). The EF-1α dataset was further partitioned by codons and introns, and the best-fit likelihood models were estimated for each partition. For the 1st, 2nd, and 3rd codons and introns, HKY+I+G, F81+I, GTR+G, and GTR+G models were applied for the phylogenetic inference, respectively. For the combined analyses, the incongruencelength difference (ILD) test was conducted on PAUP* 4.0b10 beforehand to test compatibility of phylogenetic signals between the two concatenated DNA regions (Farris et al. 1995) . We subsequently compared resultant tree topologies directly to confirm the compatibility. Posterior probabilities (PP) were approximated by the Metropolis-coupled Markov chain Monte Carlo method (Geyer 1991) . Two parallel runs were conducted with one cold and seven heated chains each for 5 000 000 generations, starting with a random tree. Temperature of the seven heated chains was set to 0.15. Trees were saved to a file every 100th generation. We judged that the two runs reached convergence when the average SD of split frequencies continuously dropped below 0.01. Trees obtained before reaching convergence were discarded as the burn-in, and the remaining trees were used to calculate a 50 % majority consensus topology and to determine PP values for individual branches.
The nLSU and combined nLSU and EF-1α datasets were further analysed by the maximum likelihood (ML) method with RAxML v. 7.2.6 (Stamatakis 2006) . The best-fit ML tree was inferred under the GTR+I+G model. The combined dataset was partitioned in the same way as in the Bayesian analysis, and different α-shape parameters, GTR rates, and empirical base frequencies were assigned to each partition. To check statistical support for the resultant tree topology, the rapid bootstrap option was used under the automatically assigned, GTA+CAT model, setting the number of replicates to 1 000.
The phylogenetic network analysis of the ITS dataset of one Octaviania lineage (lineage A) was conducted with SplitsTree 4 (Huson & Bryant 2006) . Networks were constructed by the NeighborNet method under the setting of distance estimation to uncorrected P value and of ambiguous states of nucleotides as average states. The resultant networks were visualized with the ClusterNetwork method (Huson & Rupp 2008) . Three O. as terosperma sequences (EU784378-EU784379 and JN257998) were used as outgroups.
RESuLTS
Phylogenetic analyses of the nLSU dataset
The final aligned nLSU dataset was 954 bp long. In the Bayesian inference, the two parallel MCMC runs converged after c. 930 000 generations. Accordingly, the first 9 300 trees in each run were discarded as the burn-in and the remaining 81 402 trees (representing c. 4.07M generations) were used to calculate a 50 % majority consensus tree and to determine PPs ( Fig. 1 ). Likelihoods (ln L) of the best states for cold chains of the two runs were -4839.62 and -4863.13. Maximum likelihood analysis of the same dataset generated one ML tree (ln L = -4650.068186). Branches that were strongly supported by Bayesian PPs (> 0.95) were also present in the best ML topology. The resulting topology represented 10 infrageneric Japanese lineages that were also represented in the multi-gene analyses (i.e., lineages A-2-A-3 and B-I). The phylogeny recovered the three clades within Octaviania (clade A-C). Unfortunately only part of the nLSU sequences (557 bp in total) were successfully obtained in one specimen of the lineage A-4 (KPM-NC0017776). Although it was 99 % identical to another sequence of the lineage A-4 (KPM-NC0018021), the monophyly of the lineage was collapsed and the latter sequence formed a clade with the lineage A-1a with weak statistic supports (PP = 0.84, BS = 66 %). Accordingly, monophyly of the lineages A-1a and A-1b was not recovered in the nLSU analyses. Monophyly of Octaviania lineage B sequences was not supported in the Bayesian analysis despite that all the sequences were identical.
Phylogenetic analyses of the EF-1α dataset
Preliminary analyses that included either Tylopilus chromapes (JN378457) or Austroboletus subvirens (JN378458) as an outgroup produced paraphyly of the Octaviania clade. This is likely due to long branch attraction caused by the highly divergent T. chromapes and A. subvirens sequences so we excluded them and re-analysed a dataset without an outgroup. The final EF-1α dataset was 1 145 bp long and included 55 taxa. In the Bayesian inference, the two MCMC runs converged after c. 590 000 generations. Accordingly, the first 5 900 trees in each run were discarded as the burn-in and the remaining 88 202 trees (representing c. 4.41M generations) were used to calculate a 50 % majority consensus tree and determine PPs (Fig. 1) . Likelihoods (ln L) of the best states for cold chains of the two runs were -4370.99 and -4378.93. The final optimization likelihood score was ln L = -4308.079165. Branches that were strongly supported by Bayesian PPs (> 0.95) were also present in the best ML topology.
Bayesian and ML analyses based on EF-1α detected 11 species-level lineages (lineages A-1-A-4, B-E and G-I) among the Japanese collections. EF-1α sequences of Octaviania lineage F were not available so that these species were not included in the analyses. Lineages A-1a and A-1b were not differentiated in the EF-1α phylogeny and these two groups formed instead a monophyletic clade with strong statistic supports (PP = 1.00, BS = 100 %). As in the nLSU phylogeny, Octaviania spp. were divided into three clades (A -C) although monophyly of clade B was not strongly supported by the Bayesian analysis (PP = 0.93).
Phylogenetic analyses of the combined nLSU and EF-1α dataset
The ILD test found no significant incongruence between the nLSU and EF-1α datasets. There was also no topological incongruence in significantly supported clades between the nLSU and EF-1α phylogenies (highlighted with thicked black lines in Fig. 1, 2 ). Thus, they were combined into a nucleotide alignment that was 2105 bp long. In the Bayesian inference, the two parallel MCMC runs reached convergence after c. 780 000 generations so the first 7 800 trees were discarded as the burnin. The remaining 84 402 trees (representing c. 4.22M generations) were used to calculate a 50 % majority consensus tree and determine PPs (Fig. 3) . Likelihoods (ln L) of the best states for cold chains of the two runs were -9878.35 and -9886.34. Maximum likelihood analysis of the multigene dataset resulted in one ML tree (ln L = -9787.186452). Branches that were strongly supported by Bayesian PPs (> 0.95) were also present in the best ML topology.
Both Bayesian and ML multigene analyses supported monophyly of Octaviania and represented 12 phylogenetically divergent infrageneric lineages from Japan (lineages A-1, A-2 -A-4 and B-I) that were different from all of the foreign taxa included in the analyses (Fig. 3) . The genus Octaviania was divided into three phylogenetically distinct clades (clade A -C). Clade A is comprised of four genetically distinct but morphologically and ecologically similar cryptic species (i.e., lineages A-1, A-2, A-3, and A-4 other Japanese lineages and one unidentified North American species. Although the multi-gene analyses produced a wellresolved phylogeny of the genus Octaviania, the relationship between Octaviania and its sister group remained unresolved.
EF-1α phylogeny
ITS sequences of Japanese Octaviania lineages
The ITS nuc-rDNA sequences of the lineages A1-A4 were obtained successfully in most cases (Table 1) . Those ITS1-5.8S-ITS2 regions were 468 -506 bp long. On the other hand, PCR amplicons of the ITS of the lineages B -I are often unusually long and showed polymorphism within individual specimens.
Thus, only limited numbers of ITS sequences were obtained successfully. The total length of their ITS1-5.8S-ITS2 region was 709-1461 bp. The sequences had a long insertion within the ITS2 region that will be analysed and discussed in detail in a subsequent publication. It was difficult to align these insertions because they had considerable numbers of gaps and substitutions. Nevertheless, the ITS sequences excluding the insertion had 98 % similarity within each lineage.
Combined nLSU + EF-1α phylogeny Table 3 Comparison of micro-and macroscopic characters among four cryptic species in the Octaviania lineage A. Average dimensions (n = 50) are described in bold.
Octaviania nonae Octaviania decimae Octaviania mortae Octaviania celatifilia
Size of basidiospores 8.5-(8.9-)10.9 -13.3(-13.8) × (10-)10.3-11.8(-13.4) × 11.1-(11.3-)13 -14.9(-15.6) × (9.9-)11.4 -12.9(-13.2) × (excluding spines; μm) (8-)8.1-9.8-11.6(-12.4) (9.3-)10.8 -12.4(-12.9) 10.2-(10.4-)12.1-14.1(-15.6) (9.3-)9.4-10.8(-12)-12.1
Size of spiny ornaments 1.5-(1.6-)2.2-2.9 × 1.6-(1.7-)2.7-3.7(-4.2) × 1.9-2.8(-3.6)-3.7 × 1.6-(1.8-)2.6-3.6 × (length × width; μm)
1.1-(1.5-)2.5 -3.9(-4.4) 1.7-(1.9-)3.1(-4.4)-4.5 1.9- (2- O._nonae_(lineage_A-1b) . 
O._nonae_(lineage_A-1a) TCATTATTG-AA-TTAA-----AAGATTGTTGCTGGCT------TT---TAGGCA-TGTGCACATCTT-A-TTACCATCT-CACACCTGTGCATCTATTGTAGATTCCTAGTGGATCTATGT-TTTT-------ATTACACTA----TAT 118
O._nonae_(lineage_A-1a) ---TTGACGTGCACGGCCTGTCTCCGGTGATAAATGATCCGTTGGTCCGGGCTGGAAGCGTCA-------ATTT---TTATTAACA----TA--T------------------------------------------TTGAC----AAT-478
--------------------------------------
-..TTAT--.--G.GTAA---------------------------------------CC.A---
--AT----------------------------------
--.-----------------------------------------
Morphological comparison and ITS network analysis of cryptic species in Clade A
The four cryptic lineages A-1-A-4, which were strongly supported in the EF-1α and the combined analyses ( Fig. 2, 3 ), were further examined based on morphology and ITS phylo genetic analyses. We found that the combination of basidiospore size and spore ornamentation were diagnostic to distinguish lineages A-1, A-2, and A-3 (Table 3 , Fig. 7d , 8c, 9c). However, there was no statistically significant difference in both the characters between the lineages A-2 and A-4 (P = 0.05, based on ANOVA, data not shown). Basidia of the Octaviania lineage A-3 were significantly shorter than those of the other lineages, suggesting that this character was also useful for species delimitation. There were no clear morphological differences between lineages A-1a and A-1b and analysis of ITS recovered a single monophyletic group. This result was in contrast to the nLSU analysis but congruent with results based on both the EF-1α and multi-gene analyses.
The finally aligned dataset of partial SSU-ITS1-5.8S-ITS2-partial LSU sequences was 735 bp long. To infer not only precise phylogenetic relationships but also traces of recent hybridization among these lineages, we carried out the phylogenetic network analysis using the NeighborNet method. The ITS network (Fig. 4) did not suggest any hybridization among the four extant lineages (A-1-A-4) despite the fact that they are sympatric and occur in the same forest habitat. The four lineages are 88-94 % similar across the ITS1-5.8-ITS2 region in the NCBI BLAST search (Query coverage = 88-100 %; e-value < 1; Fig. 5 ). TEM observation of mature basidiospores of Japanese Octavi ania showed variation in both the number and shape of cavities inside basidiospore ornaments among the different lineages (Fig. 6 , and see individual species descriptions). Although not always distinctive, these cavities were also visible with light microscopy at ×1 000. Under the light microscope, these cavities often look like striations on the surface of spore ornaments, but the TEM photomicrographs showed that they were actually isolated from the surface structure in most cases (Fig. 6b, d ). All of the specimens from clade A that we observed had multiple cavities inside their spore ornaments, whereas representatives of some lineages within clades B and C (e.g., lineages D, E, H, and I) had only a single, simple cavity. Basidiomata solitary to gregarious, ectomycorrhizal, hypogeous to emergent, mostly less than 5 cm diam, globose, subglobose, reniform or tuberiform, more or less rubbery, sessile or with a rudimentary stipe at the base, surface glabrous, floccose, or occasionally scaly to warty, often discolouring when rubbed or bruised. Peridium persistent, context often discolouring when exposed to air, composed of often inflated, more or less interwoven, filamentous hyphae often intermingled with isodiametric to spherical cells especially at maturity and pigmented to colourless, filamentous, granular hyphae; true sphaerocysts absent. Gleba whitish at first, becoming brown to blackish at maturity, composed of variously sized, subspherical to hemispherical chambers up to c. 2.5 mm diam, often filled with reddish brown to brown to blackish brown spore mass; each glebal chamber permeated by veins of glebal trama almost concolorous with peridial context to form a marbled gleba. Sterile base usually absent to pulvinate, occasionally more or less dendroid, occasionally discolouring when exposed to air, of dense, interwoven, sometimes inflated, filamentous hyphae. Cystidia absent. Hymenium present but poorly developed in most species, with basidia and interspersed, clavulate to cylindro-clavate basidioles. Subhymenium absent or if present then poorly developed. Basidia clavulate to cylindro-clavate or doliiform, hyaline, 2-4-spored. Basidiospores globose to ellipsoid, thick-walled, more or less dextrinoid, non-amyloid, covered with large, thickwalled, pyramidal to conical ornaments that are polygonal at the base but in some species several spore ornaments adhering to form irregular ridges, with one to several cavities inside ornaments; ornaments usually expand and elongate when soaked in alkaline or acidic solutions; perisporium and ectosporium absent or indistinct. Clamp connections absent in all tissues.
Octaviania subgenus Parcaea Orihara, subg. nov. -MycoBank MB563165
Typus subgeneris. Octaviania nonae Orihara.
Etymology. The Latin, Parcae, is the name of the three goddesses of fate in Roman mythology (= the Fates), metaphorically expressing that the subgenus contains three morphologically similar sister species named after these three goddesses (i.e., Nona, Decima, and Morta).
Basidiomata solitary to gregarious, hypogeous to emergent, mostly up to 2.5 cm diam, subglobose, depressed-globose, tuberiform or reniform, often with white to whitish rhizomorphs at the basal rudimentary stipe, surface glabrous, white to dirty white occasionally with yellowish to dirty yellow tints, often gradually turning dark grey to black when touched, rubbed or bruised. Peridium 0.3-2 mm thick, as the interior concolorous with the surface, hyphae of context filamentous when immature, becoming inflated and thick-walled at maturity. Gleba wet, whitish to pale brown when immature, becoming strongly glutinous, fuscous or chocolate-brown to blackish brown at maturity. Hymenium and subhymenium indistinct, deliquescent at maturity. Basidia clavate to clavulate. Basidiospores spiny, pale cinnamon to brown, strongly dextrinoid, with pyramidal ornaments that each contain one to several slit-like cavities inside.
Notes -Octaviania subg. Parcaea is newly proposed to accommodate species belonging to clade A (i.e., O. nonae, O. deci mae, O. mortae, and O. celatifilia). The subgenus is morphologically characterized by the presence of a thick, white to whitish peridium that gradually discolours to almost black when rubbed or bruised, and the lack of a distinct hymenial layer (i.e., basidia and basidioles are sparsely embedded in a glutinous spore mass). Ecologically, the strong host preference for evergreen plants in the family Fagaceae (e.g., Quercus glauca Thunb. and Castanopsis spp.) is a common feature, suggesting this group is probably of temperate or subtropical origin.
Of all the known species of Octaviania, O. lanigera Hesse is most morphologically similar to the members of subg. Parcaea in having a remarkably thick peridium (c. 1 mm thick) as well as other macroscopic similarities. We have morphologically examined an authentic specimen of O. lanigera collected by R. Hesse in Germany in September 1901 (No. NY780603). Basidiospores of O. lanigera were more yellowish than those of the species in subg. Parcaea described below, and O. lanigera spores also had larger spiny ornaments with multiple, distinct cavities inside (2.1-4.6 μm (mean 3.4 μm) wide, n = 30). These characteristics, as well as its association with Betula, imply the affinity of the species with O. asahimontana Orihara sp. nov. rather than the species in subg. Parcaea. Orihara, Fig. 7 ; Map 1
Octaviania nonae
Etymology. Latin, Nona, is the name of one of the three goddesses of fate in Roman mythology. Nona was the first of the three deities and spun threads of human life, expressing metaphorically that O. nonae is a member of the cryptic species group.
Basidiomata solitary or in small clusters, up to 2.2 cm diam but mostly less than 1.5 cm diam, subglobose to depressed globose, firm, rubbery, sessile or with a concolorous, rudimentary stipe at the base, surface glabrous, white to greyish white, gradually becoming dark grey to black when touched, rubbed or bruised, sometimes with sparse mycelial tufts concolorous with the peridial surface, basal rhizomorphs sparse, white, narrow, easily snapping off from the base of basidiomata. Peridium 0.3-1.2 mm thick when fresh, 150-500 μm thick in dried specimens, white, context white to cream, not discoloured when cut. Gleba pale brownish when immature, becoming fuscous to blackish brown at maturity, composed of various-sized, subspherical to ellipsoidal chambers enclosed by white glebal tramae forming a marbled pattern, glebal chambers filled with a dense, glutinous matrix. Sterile base pulvinate, greyish white, often connected to a short, rudimentary stipe, gradually turning blackish when exposed to air. Ectomycorrhiza plurifurcate, glabrous, more or less sinuate, light-brown to pale reddish brown. Odour unpleasant, a mixture of sweet and dimethyl sulfide smells.
Basidiospores globose to subglobose or broadly ellipsoid, spinose, pale cinnamon, dextrinoid, 8.5 -(8.9 -)13.3(-13.8) × (8 -)8. 1-11.6(-12.4 base]) 1.5 -(1.6 -)2.9(-3) × 1.1-(1.5 -)3.9(-4.5) μm, mean 2.2 × 2.5 μm, more or less angular at the base, internal cavi-ties of ornaments slit-like in vertical section, labyrinthiform in horizontal section but sometimes indistinct. Basidia clavate, hyaline, 2 -4-spored, 25 -38.5 × 7.5 -11 μm, sterigmata up to 9.5 μm long. Basidioles clavate, hyaline, almost the same size as basidia. Hymenia poorly developed, composed of basidia and interspersed basidioles. Subhymenium absent. Glebal trama of parallel, non-inflated, thin-walled (up to 1 μm thick), white, filamentous hyphae 2 -5.5 μm broad. Sterile base of densely interwoven, more or less inflated, thin-walled (up to 1 μm thick), white to colourless, filamentous hyphae 3 -12 μm broad; outermost hyphae mostly dark brown. Peridium 300-1200 μm thick (150 -550 μm thick in dried specimens): peridiopellis up to 40 μm thick, dark brown, composed of straight, partly inflated, filamentous hyphae 2 -12 μm broad forming a cutis, parallel to subparallel to surface, walls up to 1.5 μm thick; peridial context white, of interwoven, inflated, thin-or thick-walled (0.5 -2 μm thick) filamentous hyphae 2.3 -15 μm broad, hyphae in inner part narrower than in outer part, intermingled with scattered, isodiametric to subspherical cells up to 70 μm diam at maturity. Clamp connections absent in all tissues.
Habitat Etymology. Latin, Decima, is the name of one of the three Roman goddesses of fate, who measured the threads of human life, expressing metaphorically that the species is a member of the cryptic species group.
Basidiomata solitary or sparse, up to 2.3 cm diam but mostly less than 1.5 cm diam, subglobose to depressed globose to reniform, firm, rubbery, sessile or with concolorous, rudimentary stipe at the base, surface glabrous, white to greyish white, occasionally with whitish yellow to yellow-brown or more rarely bluish green patches, gradually becoming dark grey to black when touched, rubbed or bruised, rhizomorphs sparse, white, narrow, easily snapping off from the base of basidiomata. Gleba pale brownish when immature, becoming dark brown to blackish brown at maturity, structure almost the same as O. nonae, trama rarely turning immediately indigo when cut. Sterile base pulvinate, greyish white, often connected to a short stipe, gradually turning blackish when exposed to air. Odour unpleasant, like a mixture of sweet and dimethyl sulfide smells. Basidiospores globose to subglobose or broadly ellipsoid, spinose, dextrinoid, (10 -)10.3 -13.4 × 9.3 -12.4(-12.9 ) μm, mean 11.8 × 10.8 μm (SD: 0.78 [length] , 0.75 [width]), Q = 1-1.23, walls 1-2.3 μm thick, spinose ornaments 1.6-(1.7-) 3.7(-4.2) × 1.7-(1.9-4.4)-4.5 μm, mean 2.7 × 3.1 μm, pyramidal, internal cavities of ornaments slit-like in vertical section, labyrinthiform to zonate to cochleae in horizontal section. Basidia clavate, hyaline, 2 -4-spored, 24 -37 × 7.5 -11.5 μm, mean 31.5 × 9.9 μm, sterigmata up to 11 μm long. Basidioles clavate, hyaline, almost the same size as basidia. Hymenia poorly developed, composed of basidia and interspersed basidioles. Subhymenium absent. Glebal trama of subparallel, straight or sinuate to strangulated, non-inflated, thin-walled (up to 0.5 μm thick), white, filamentous hyphae 2.2 -11.4 μm broad. Sterile base of densely interwoven, partly inflated, white to colourless, filamentous hyphae 2-15 μm broad, walls 0.5-1.5 μm thick; in outermost part the hyphae mostly dark brown, narrower. Peridium 300-1200 μm thick (200-700 μm thick in dried specimens): peridiopellis up to 80 μm thick, colourless to dark brown, composed of repent, straight, non-inflated, thin-walled (up to 0.5 μm thick), filamentous hyphae 1.7-10 μm broad, subparallel to surface; peridial context white to colourless, of densely interwoven, inflated, thin-or thick-walled (0.5 -1.5 μm thick) filamentous hyphae 2 -17 μm broad, hyphae in inner part narrower than in outer part, intermingled with scattered, isodiametric to subspherical cells up to 25 μm diam at maturity. Clamp connections absent in all tissues.
No distinct morphological and ecological differences from O. celatifilia (= Octaviania lineage A-4) but c. 90 positions in nuclear ITS rDNA sequence are consistently different between the two species (Fig. 5) .
Habitat, Distribution & Season -Hypogeous or parti ally emergent under Castanopsis sieboldii, C. cuspidata, and Quercus glauca; Honshu, Kyusyu (Japan); early summer to winter (June to January). (Table 3) . Another slight difference between O. decimae and the other two species is that O. decimae sometimes has whitish yellow to yellow-brown patches on the otherwise light coloured surface of the basidiomata. However, these macro-and microscopic traits do not help to discriminate O. decimae from O. celatifilia (see below). Nonetheless, the ITS1-5.8S-ITS2 sequence of the holotype specimen of O. decimae (JN257991) was 88-93 % identical to the other species in subg. Parcaea in the BLAST search (Maximum identities; Query coverage = 89 -95 %). Yoshimi & Doi (1989) reported one Octaviania species from Amami-oshima Island, Japan, as O. tuberculata. We have examined this Japanese specimen (TNS-F-183206; Fig. 8g, h ) and compared directly with the holotype specimen of O. tu berculata (NY780584; collected by R. Hesse, Oct. 1888 in Germany). The Japanese specimen clearly differed from the holotype in having smaller basidiospores, a smooth rather than verrucose peridium, and it was more similar to O. decimae in overall morphology. However, the size of basidiospores of the specimen has much wider range (8.4-18.6 × 7.4-15.7 μm, mean 11.9 × 10.7 [n = 35] Etymology. Latin, Morta, is the name of one of the three Roman goddesses of fates, who cut the threads of human life, expressing metaphorically that this is one of the members of the cryptic species group.
Basidiomata solitary or in small clusters, up to 2.3 cm diam, subglobose to irregular tuberculate, firm, rubbery, sessile or with a concolorous reduced stipe at the base, surface glabrous, white to stramineous, gradually becoming dark grey to black when touched, rubbed or bruised, occasionally with sparse mycelial tufts concolorous with the peridial surface, rhizomorphs sparse, white, narrow, easily snapping off from the base of basidiomata. Peridium 0.3-2 mm thick when fresh, context white to stramineous, discolouration not observed. Gleba pale brownish when immature, becoming dark brown to blackish brown at maturity, structure very similar to O. nonae. Sterile base pulvinate or not developed, greyish white, sometimes connected to a short stipe, gradually turning blackish when exposed to air. Odour strong at maturity, unpleasant, a mixture of burnt and dimethyl sulfide smells.
Basidiospores globose to subglobose, spinose, dextrinoid, 11.1-(11.3-)14.9(-15.6) × 10.2-(10.4-)14.1(-15.6) μm, mean 13 × 12.1 μm (SD: 0.93 [length], 0.98 [width]), Q = 1-1.2, walls 1.2-2.3 μm thick, spinose ornaments 1.9(-3.6)-3.7 × 1.9-(2-4.2)-4.5 μm, mean 2.8 × 3.2 μm, pyramidal, internal cavities of ornaments slit-like in vertical section, labyrinthiform to zonate to cochleae in horizontal section. Basidia clavate to clavulate, hyaline, 2-4-spored, 22-31 × 10.1-13.7 μm, mean 25.2 × 11.4 μm, sterigmata up to 10 μm long. Basidioles clavulate, hyaline, almost the same size as basidia. Hymenia poorly developed. Subhymenium absent. Glebal trama of parallel to subparallel, non-inflated, thin-walled (up to 1 μm thick), white, filamentous hyphae 1.6-8 μm broad. Sterile base of mostly swollen, colourless, more or less interwoven, thin-walled (up to 0.8 μm thick) hyphae 3 -25 μm broad; suprapellis of sterile base up to 50 μm thick, brown, composed of repent to somewhat trichodermial, more or less entangled, branched, noninflated, pigmented, thin-walled (up to 0.8 μm thick) filamentous hyphae 2 -9 μm broad. Peridium 150 -1300 μm thick in dried specimens: peridiopellis up to 70 μm thick, pigmented in dark brown, of straight, non-inflated, thick-walled (1-2.2 μm thick), filamentous hyphae 2.5 -10 μm broad subparallel to surface, forming a cutis; peridial context white, of densely interwoven, inflated, thin-to thick-walled (0.5-1.8 μm thick) filamentous hyphae intermingled with scattered, isodiametric to subspherical cells at maturity, 3-37 μm diam.
Habitat, Distribution & Season -Hypogeous or partially emergent under Castanopsis sieboldii, C. cuspidata, Quercus glauca and Q. acutissima Carruth.; Honshu and Shikoku (Japan); summer to autumn (July to November).
Holotype. Japan, Tottori Pref., Tottori-shi, Hie Shrine, under C. sieboldii, 16 July 2010, T. Orihara, KPM-NC0017774 (Orihara 1189; isotype TNS-F-41406). Notes -Although macroscopically it is quite difficult to discriminate O. mortae from the other members of subg. Parcaea, the species has several distinct microscopic features: short basidia (up to 31 μm long) and large basidiospores with large spiny ornaments ( Table 3 ). The strong, burnt smell of the fresh, mature basidiomata is another diagnostic feature that can be determined in the field. Maximum identities of the ITS1-5.8S-ITS2 sequence with the other species of subg. Parcaea (i.e., O. nonae, O. decimae, and O. celatifilia) in the BLAST search were 89 -93 % (Query coverage = 88 -94 %). Etymology. The Latin words celatus (concealed) and filia (daughter) are combined. This epithet conveys the fact that this is a rare species that also belongs to subgen. Parcaea.
Octaviania celatifilia
Basidiomata solitary or in small clusters, up to 1.2 cm diam, subglobose to depressed globose, firm, rubbery, sessile or with a concolorous rudimentary stipe at the base, surface glabrous, white at first, often with yellowish tint or patches, gradually becoming dark grey to black when touched, rubbed or bruised, rhizomorphs sparse, white, narrow, easily snapping off from the base of basidiomata. Peridium 0.2 -0.8 mm thick when fresh, white, context white to cream colour. Gleba pale brownish when immature, becoming dark brown to blackish brown at maturity, structure similar to O. nonae. Sterile base pulvinate, greyish white to translucent to yellowish, often connected to a short stipe, gradually turning blackish when exposed to air. Odour unpleasant, a combination of sweet and dimethyl sulfide smells, similar to that of O. decimae.
Basidiospores globose to subglobose, spinose, dextrinoid, 9.9-12.9(-13.2) × (9.3 -)9.4(-12)-12.1 μm, mean 11.4 × 10.8 μm (SD: 0.74 [length], 0.68 [width]), Q = 0.97-1.16, walls 1-2.2 μm thick, spinose ornaments 1.9(-3.6)-3.7 × 1.9-(2-4.2)-4.5 μm, mean 2.8 × 3.2 μm, conical to pyramidal, internal cavities of ornaments slit-like in vertical section, labyrinthiform to zonate to cochleae in horizontal section. Basidia clavate, hyaline, 2-4-spored, 23.8 -36 × 8.8 -13.2 μm, mean 29.9 × 10.9 μm, sterigmata up to 15 μm long. Basidioles clavate, hyaline, almost the same size as basidia. Hymenia poorly developed. Subhymenium absent. Glebal trama of subparallel, non-inflated, thin-walled (up to 0.6 μm thick), white, filamentous hyphae 2-7 μm broad. Sterile base of densely interwoven, narrow, white to colourless, thin-walled (c. 0.5 μm thick) filamentous hyphae 2.5-8 μm broad; suprapellis of sterile base up to 100 μm thick, pigmented in brown to ochraceous, composed of loosely entangled, septate, non-inflated, thin-walled (up to 0.6 μm thick) filamentous hyphae 2-7 μm broad. Peridium 300-600 μm thick in freeze-dried specimens; peridiopellis somewhat developed, up to 150 μm thick, pale ochraceous to pale reddish brown in colour, of straight, non-inflated, thin-walled (up to 1 μm thick), filamentous hyphae 3 -8.5 μm broad subparallel to surface, forming a cutis; peridial context white to colourless, of dense, strongly inflated, cells up to 17.5 μm broad, walls up to 1.8 μm thick, but in immature basidiomata the context contains less inflated, interwoven filamentous hyphae.
No distinct difference from O. decimae found both morphologically and ecologically, but c. 90 positions in nuclear ITS rDNA sequence shown in Fig. 5 different from the latter species at the same level as the other species in subg. Parcaea.
Habitat, Distribution & Season -Hypogeous or partially emergent under Quercus gilva Blume; Honsyu (Nara Pref., Japan); early summer to winter (June to December).
Holotype. Japan, Nara Pref., Nara-shi, Nara Park, under Q. gilva, 3 Nov.
2010, H. Inui & T. Orihara, KPM-NC0017776 (Orihara 1337), holotype (isotype TNS-F-41407).
Other specimens examined. Japan, nara Pref., Nara-shi, Nara Park, under Q. gilva, 25 June 2011, M. Ohmae, KPM-NC0018026 (Ohmae 140); Nara-shi, near Mt Kasuga, under Q. givla, 24 Dec. 2011, T. Orihara, KPM-NC018021. Notes -This rare cryptic taxon has so far been found only in the two localities that are contiguous to each other. Moreover, its microscopic and macroscopic morphological similarities to O. decimae make identification extremely difficult: the only morphologically diagnostic character might be the slightly yellowish colour of its basidiomata. The yellowish tint, however, was not observed in every basidioma (Fig. 9f) , and this colouration is also occasionally found in specimens of O. decimae. In addition, the habitat of O. celatifilia is similar to the other three species in subg. Parcaea. This species is found sympatrically with O. de cimae: in one case they both occurred simultaneously within c. 400 m (Map 1). Therefore, the only reliable taxonomic key is unique DNA sequences which clearly distinguish it from the other three species in subg. Parcaea (Fig. 1-5 ). The BLAST maximum identities of the ITS1-5.8S-ITS2 sequence with the other three species in subg. Parcaea were 90-94 % (Query coverage = 91-95 %). In the future, the use of other DNA sequences will be helpful to more precisely understand the relationships between O. celatifilia and other species in subg. Parcaea. Basidiomata hypogeous to emergent, rubbery or firm, surface whitish when immature, then usually tinged with yellowish, or becoming tawny to rusty at maturity. Peridium of two layers: peridiopellis thin, of mostly pigmented, filamentous hyphae; context of peridium of polygonal or subspherical cells comprising pseudoparenchyma, intermingled with partly inflated, filamentous hyphae. Oleiferous hyphae usually present, pigmented or colourless, context subgranulate.
Octaviania subgenus
Notes -Despite considerable phylogenetical divergence from the other clades in Octaviania, clade C (= subg. Fulvo globus) has few unique morphological characters. We herein proposed the new subgenus for clade C based mainly on the characters of the peridial context and colour of the mature basidiomata as well as the dissimilarity of the nLSU rDNA and EF-1α sequences from that of the members of subg. Parcaea and Octaviania (Fig. 1-3) . Species in subg. Parcaea are not tinged yellow overall but, similar to species in subg. Fulvo globus, they do have a pseudoparenchymatous peridium at maturity. Subg. Octaviania is distinguished by the filamentous hyphae of its peridium that are not truly pseudo parenchymatous even at maturity. Orihara, sp. nov. -MycoBank MB563194; Fig. 10 Etymology. The epithet, kobayasii, was named in honour of Dr. Yosio Kobayasi, who greatly contributed to the taxonomy of hypogeous, sequestrate fungi in Japan, including Octaviania as well as other groups of fungi.
Octaviania kobayasii
Basidiomata solitary to gregarious, up to 3.2 cm diam, subglobose, depressed-globose or tuberiform, rubbery, firm, with rudi-mentary stipe at the base, surface glabrous or sometimes partly cracked, exposing inner gleba, white in youth, then fulvous to tawny occasionally becoming gradually bluish green to blue, or wine red to reddish brown when touched, rubbed or bruised. Peridium up to 0.6 mm thick when fresh, context concolorous with the surface, turning a similar colour to the surface when exposed to air. Gleba pale brownish when immature, becoming ochraceous to fuscous at maturity, rubbery in youth, then becoming more or less brittle at maturity, composed of variously shaped chambers enclosed by glebal tramae forming a marbled pattern, spore mass becoming granulate at maturity or rarely somewhat glutinous; glebal trama of two strata: inner opaque, concolorous with the peridium, outer colourless, translucent. Sterile base rudimentary or slightly dendroid, concolorous with peridium, occasionally turning bluish green or red to reddish brown when exposed to air. Rhizomorphs white, easily snapping off from the base of basidiomata. Ectomycorrhiza bifurcate to plurifurcate, glabrous, light-brown to pale reddish brown. Odour nutty or like burnt sugar.
Basidiospores globose to broadly ellipsoid, spinose, weakly dextrinoid, pale ochraceous to tawny under the light microscope, (8.4 -)8. 6 -13.6(-14.4 The EF-1α sequence of the specimen collected under Pinus densiflora (KPM-NC0017783) was slightly divergent from the other O. kobayasii sequences. This might reflect cryptic differences among isolates from different host plants (i.e., Pinus vs Fagaceae). However, the nLSU and ITS sequences between the Pinus-associated specimen and the other angiospermassociated specimens were identical, and we could not find any obvious morphological differences. Although we refrain from proposing any infraspecific divisions within O. kobayasii, we recognize that there may be cryptic, host-specific diversity within this species. Orihara, Fig. 6a, b, 11 Etymology. Latin, hesperi, after the Greek term hesperos (the evening star), referring to the large, ochraceous basidiospores with large, spiny ornamentation.
Octaviania hesperi
Basidiomata solitary or gregarious, up to 2 cm diam, subglobose, depressed-globose or tuberiform, rubbery, solid when immature, often with a rudimentary basal stipe, surface glabrous, sometimes becoming rimose-areolate at maturity forming an areolate pattern, white in youth, then stramineous to ochraceous, finally rusty at maturity, sometimes gradually becoming bluish green to indigo blue where touched, rubbed or bruised. Peridium up to 0.35 mm thick when fresh, concolorous with or paler than the surface, turning bluish green in some portions in cross section. Gleba whitish to pale brownish when immature, becoming fuscous to blackish brown at maturity, rubbery in youth, becoming glutinous at maturity, trama homogenous. Sterile base rudimentary to pulvinate, almost concolorous with the peridial context, occasionally turning bluish green to indigo blue when exposed to air. Rhizomorphs white, easily snapping from the base of basidiomata. Odour nutty.
Basidiospores globose to broadly ellipsoid, spinose, weakly to moderately dextrinoid, fulvous to tawny with light microscopy, 10-15.6(-18 .2) × 9.4-(9.9-)14.8(-17.8) μm, mean 12.8 × 12.1 μm (SD: 1.40 [length], 1.31 [width]), Q = 0.96-1.15, occasionally with a pedicel 5.5-15 × 1.8-3 μm, pedicels sometimes with a ring-like appendage (Fig. 12f) , spore walls 1.8-3 μm thick, ornaments spiny, 2-(2.1-)3.6(-4) × 1.3-(1.7-)5.4(-5.7) μm, mean 2.8 × 3.6 μm, large, polygonal at the base, with several large, distinct cavities that appear slit-like in vertical section and labyrinthiform to zonate to cochleae in horizontal section. Basi dia clavate, hyaline, mostly 4-spored or more rarely 2-3-spored, 21.5-33.3 × 9.2-14.5 μm, sterigmata up to 15 μm long. Cystidia absent. Hymenia poorly developed, composed of basidia and interspersed basidioles up to 32 × 12.7 μm, deliquescent at maturity. Glebal trama of parallel to subparallel, white to more or less translucent, non-inflated or sometimes partly inflated, thin-walled (up to 0.8 μm thick), filamentous hyphae 2-8.5(-20) μm broad. Sterile base of compacted, densely interwoven, partly inflated, thin-walled, white filamentous hyphae 3-25 μm broad. Peridium 100-350 μm thick; peridiopellis up to 150 μm thick, absent in some portions, of straight, septate, more or less pigmented, partly inflated filamentous hyphae 2-10 μm broad forming cutis, hyphal walls 0.5-1.3 μm thick, outermost hyphae stained ochraceous to fuscous with light microscopy; peridial context 80-300 μm thick, almost colourless, of thick-walled (0.8 -2 μm thick), spherical to subspherical, or isodiametric cells up to 92 μm diam intermingled with thin-walled (up to 1 μm thick), inflated filamentous hyphae 4 -27 μm broad, but in youth the inflated cells are not yet developed and hyphal walls are thinner. Oleiferous hyphae present in peridium and trama, sinuate or monililform, pigmented, 2 -9 μm broad.
Habitat, Distribution & Season -Hypogeous or subepigeous under Quercus glauca, Q. myrsinaefolia Blume, Casta nopsis sieboldii or Lithocarpus edulis (Makino) Nakai, rare; Honshu (Japan); early summer to early autumn (June to October). Notes -Among members of subg. Fulvoglobus, O. hes peri (= Octaviania lineage C) is characterized by the relatively large basidiospores covered by large ornaments. In addition, the spore ornaments of this species contain multiple, distinct cavities. The macroscopically similar species, O. kobayasii is found in the same habitat as O. hesperi but the two species are microscopically distinct. In addition, O. kobayasii is readily distinguished from O. hesperi by its typically translucent hymenium and subhymenium as well as the tendency of O. koba yasii to from larger basidiomata. Orihara, Fig. 6c, d, 12 Etymology. Latin, japoni, refers to its wide distribution within Japan, and Latin, montanus, refers to its mountainous habitat.
Octaviania japonimontana
Basidiomata solitary to gregarious, subhypogeous or emergent, up to 4 cm diam, subglobose to reniform, rubbery, usually with a rudimentary basal stipe, surface glabrous to slightly floccose, often becoming partly areolate at maturity, white in youth, becoming stramineous to camel at maturity, gradually turning bluish green to cobalt blue, or red to wine, sometimes later turning blackish when touched, rubbed or bruised. Peridium varying in thickness, up to 0.7 mm thick when fresh, context paler than the surface, discolouring the same colour as the surface when exposed to air. Gleba whitish to pale brownish when immature, becoming fuscous to blackish brown at maturity, rubbery in youth, then becoming glutinous at maturity, glebal trama homo genous, concolorous with the peridial context. Sterile base rudimentary to pulvinate, concolorous with peridial context, discolouring the same colour as the surface when exposed to air. Rhizomorphs white, easily snapping off from the base of basidiomata. Odour nutty, strong at maturity.
Basidiospores globose to subglobose, spinose, dextrinoid, spadiceous to tawny with light microscopy, (9.1-)9.3-12(-12.1) × 8.7-(8.9-)11.3(-11.4) μm, mean 10.6 × 10 μm (SD: 0.67 [length] , 0.64 [width]), Q = 0.93-1.21, with a basal appendage that has a ring-like edge, walls 1-2.4 μm thick; ornaments spiny, pyramidal, with one cavity inside the ornament wall, (1.5-)1. 7-3.3(-3.5 ) × (1.2-)1.4-4.2(-4.3) μm, mean 2.5 × 2.8 μm. Basidia clavate, hyaline, 2-4-spored, 19-26.5 × 7-13 μm, mean 23.8 × 9.6 μm, sterigmata 2.5-9.5(-13) μm long and 1.5-2.3 μm broad. Oleiferous hyphae often present in the trama and the peridial context, filamentous, white to pigmented, more or less granulate, slightly swollen at hyphal tips. Hyme nia poorly developed, composed of basidia and interspersed basidioles. Glebal trama of parallel to subparallel, non-inflated or sometimes partly inflated, white, thin-walled (up to 0.8 μm thick), filamentous hyphae 2-16 μm broad to surface. Sterile base of compacted, densely interwoven, partly inflated, thinwalled (0.4-0.8 μm thick), white filamentous hyphae 3.5-15 μm broad. Peridium 180-700 μm thick; peridiopellis 30-200 μm thick, usually well-developed, fulvous to pale brown near surface but whitish in colour toward the interior, of thin-walled (0.4-0.8 μm thick), filamentous hyphae 3-10 μm broad and parallel to subparallel to surface, forming a cutis; peridial context colourless, of densely interwoven, more or less inflated, filamentous hyphae 3-15 μm broad, some hyphal cells becoming subspherical or isodiametric, up to 70 μm diam at maturity; hyphal walls 0.7-1.6(-4) μm thick at maturity.
Habitat, Distribution & Season -Hypogeous or emergent under Fagus crenata Blume or Quercus crispula Blume; Honshu (Japan); summer to autumn (July to November). (Fig. 1-3 ). This is a good example of how host preferences might be used as a potential diagnostic feature among morphologically similar taxa.
The basidiospore morphology of O. japonimontana is also similar to European O. asterosperma, but the surface of O. ja ponimontana fruitbodies become tan to light brown at maturity whereas those of O. asterosperma do not. Also, peridial hyphae of O. asterosperma do not become pseudoparenchymatous as that of subg. Fulvoglobus even at maturity. Only immature basidiomata were collected. Basidiomata solitary or in small clusters, hypogeous to subhypogeous, up to 1 cm diam, depressed-globose to tuberiform, rubbery, with a short, often rudimentary basal stipe; surface smooth, white when immature, turning red to dark reddish brown sometimes with an aeruginous tint when touched, rubbed or bruised, finally becoming blackish red to black. Peridium thin, up to c. 0.4 mm thick, white, discolouration not prominent. Gleba white in youth, gradually becoming dark brown, somewhat watery, discolouring the same colour as the surface when exposed to air, composed of variously shaped cells enclosed by glebal tramae forming a marbled pattern; glebal trama homogenous, whitish. Sterile base pulvinate, white. Rhizomorphs white. Basidiospores globose to subglobose, spinose, dextrinoid, pale ochraceous to tawny under the light microscope, 9.1-(9.4-) 12.6(-13.1) × 8.5 -(8.8)-11.5 μm, mean 10.8 × 10 μm (SD: 0.83 [length], 0.73 [width] , n = 30, t = 2.045), Q = 1-1.28, walls 1.5-3.2 μm thick; ornamentation spiny, pyramidal, mostly with one cavity inside the wall, but exceptionally with several cavities, 1.3-(1.5-)3.8 × 1.3-(1.7-)4.1(-4.2) μm, mean 2.5 × 2.7 μm. Basidia clavate, hyaline, 2-or 4-spored, 21-36 × 8-11 μm, sterigmata 5.4-11 μm long. Oleiferous hyphae present in the tramal tissue and the peridial context, filamentous, pigmented, 2.5-4.5 μm diam. Hymenia poorly developed, composed of basidia and interspersed basidioles. Glebal trama of parallel or subparallel, colourless under DIC microscopy, non-inflated or sometimes partly inflated, thin-walled (up to 0.8 μm thick), filamentous hyphae 2-8 μm broad. Sterile base of compacted, densely interwoven, partly inflated, thin-walled (0.4-0.8 μm thick), white to translucent, filamentous hyphae 3.5 -15 μm broad. Peridium 100-400 μm thick; peridiopellis 25-150 μm thick, more or less developed, stained with blackish red to black, of subspherical to isodiametric, thin-walled (up to 1 μm thick), cells up to 25 μm diam intermingled with more or less Notes -Unfortunately, the only Octaviania sp. "E" collection was immature and therefore inadequate for morphological evaluation and taxonomic delimitation. Thus, we leave it undescribed until mature specimens become available. The Octaviania sp. "E" specimen was found almost sympatrically with the holotype of O. nonae Orihara 945 in evergreen, subtropical forest on Amami-oshima Island in the northern Ryukyu Archipelago. Although these species are found in the same habitat, they are morphologically distinct and fall into different subgenera. Basidiomata solitary or in small clusters, subhypogeous or emergent, up to 2.5 cm diam, depressed-globose to reniform, rubbery, with a rudimentary basal stipe; surface covered with minute, somewhat fibrillar, felty warts or squamules, becoming wrinkled when dried, whitish to pale brown when immature, brown at maturity, gradually turning wine red when immature and dark green at maturity where rubbed or bruised, then later turning black to blackish green; tips of the peridial warts usually darker than the surrounding peridial surface. Peridium thin, only up to c. 0.4 mm thick when fresh, context white to beige, or somewhat translucent, discolouring dark blue when exposed to air at maturity. Gleba fuscous to black at maturity, rubbery in youth, then becoming somewhat glutinous at maturity, occasionally exuding water, composed of variously shaped cells; glebal trama homogenous, white to semi-transparent. Sterile base rudimentary to pulvinate, white, opaque. Rhizomorphs white. Odour slightly nutty or durian-like to unpleasant, with hints of dimethyl sulfide.
Octaviania durianelloides
Basidiospores globose, subglobose, or broadly ellipsoid, spinose, dextrinoid, yellowish brown to fuscous under the light microscope, 8.1-(8.8 -)15.1(-18.5) × 7.5 -(8 -)13.4(-15.1) μm, mean 11.6 × 10.4 μm (SD: 1.54 [length], 1.46 [width]), Q = 1-1.31, occasionally becoming aberrant and unusually swollen up to 26 μm diam and connected directly to basidia (Fig.  14g) , walls 1-2(-2.5) μm thick; basal appendage not distinct; ornamentation spiny, acute, pyramidal, with one to several cavities inside each spore ornament wall, 1.3 -3.9(-4.4) × 1.4-(1.5 -)3.8(-4.1) μm, mean 2.6 × 2.6 μm, surface almost smooth under the light microscope. Basidia clavate to cylindroclavate, hyaline, 2-4-spored, 17. 5-35 × 8-11.8 μm, mean 25.7 × 9.7 μm (n = 12) , often with sterigmata 5 -10 μm long. Oleifer ous hyphae not observed. Hymenia poorly developed. Glebal trama semi-transparent under DIC microscopy, of more or less loosely interwoven or subparallel, thin-walled (up to 1 μm thick), partly branched, filamentous hyphae 1.8 -8.5(-10) μm broad, intergrading with spherical cells up to c. 30 μm diam. Sterile base white under DIC microscopy, collapsed in dried specimens and not rehydrated when soaked in water or 3 % KOH.
Peridium 200-400 μm thick; peridiopellis 40-100(-150) μm thick, yellow-brown, of partly branched, pigmented filamentous hyphae 2.8-13 μm broad but partly inflated to 23 μm broad, parallel to subparallel to surface, forming a cutis, walls 0.5-1.8 μm thick; peridial context 100 -325 μm thick, of colourless, mostly of interwoven, inflated, thick-walled (0.4-2.2 μm thick), filamentous hyphae 3-10.5(-18) Notes -Octaviania durianelloides is unique in Octaviania because of its warty, brown peridium and dark green discolouration where injured, but otherwise it is morphologically similar to the other species in the genus. The macromorphology of O. durianelloides is similar to Durianella echinulata (syn. Hyd nangium echinulatum; Boletales, Boletineae), which was reported from Malaysia and forms greyish orange to golden yellow, durian-shaped basidiomata (Desjardin et al. 2008) . However, D. echinulata differs from O. durianelloides in having larger and more distinct peridial warts (up to 1 mm tall), thicker peridium (1-2 mm thick), and basidiospores covered with collapsible spines. Moreover, rDNA LSU sequences of D. echinulata EU293063 and O. durianelloides were only c. 86 % similar, indicating that these taxa are not close relatives. Thus, the superficial morphological similarities between these two sequestrate fungi is due to convergent evolution within Boletales. The acute ornamentation of basidiospores and relatively wide range of the basidiospore size, some becoming unusually swollen, are additional diagnostic features of O. duria nelloides. Orihara, ; Fig. 14a-f ; Map 1
Octaviania yaeyamaensis
Etymology. The epithet refers to the known distribution of the species. The type locality, Ishigaki Island, is one of the Yaeyama Islands, which makes up the southernmost part of the Ryukyu Archipelago, Japan.
Basidiomata solitary to gregarious, hypogeous to subhypogeous, up to 3 cm diam, subglobose, depressed globose or reniform, firm, rubbery, sessile or with rudimentary stipe at the base, surface smooth to slightly tomentose, white when young, then becoming yellowish white to pale stramineous with a reddish brown or bluish green tint at maturity, turning red to reddish brown or bluish green where bruised, with whitish brown rhizomorphs at the base. Peridium well developed, 0.2-1 mm thick, rubbery, often gradually turning red to reddish brown when cut. Gleba cream-coloured to pale brown when young, then blackish brown to chocolate brown at maturity, glebal chambers filled with numerous basidiospores immersed in a glutinous matrix, trama white at first, but quickly turning indigo blue to blackish blue at maturity when exposed to air. Sterile base pulvinate or somewhat dendroid, upper portion turning the same colour as glebal trama at maturity when exposed to air, the lower portion turning the same colour as peridium. Odour pleasant, slightly sweet, refreshing, similar to pandan leaves (Pandanus amaryllifolius Roxb.).
Basidiospores globose to subglobose, weakly dextrinoid, spinose, 9.3 -(9.5 -)14.8(-16.6) × 8.4 -(9.1-)13.9(-14.4) µm, mean 12 × 11.2 μm (SD: 1.34 [length], 1.33 [width] ), Q = 0.96-1.23, walls 1-2.3 μm thick, with pedicel up to 10 μm long at the base, surface covered with dense, relatively small, conical to polygonal spines with a single cavity inside the walls of each ornament, 12-16 spines per circumference, 0.9-(1-)2.6(-3.3) × (1.3-)1. 4-3(-3. 2) µm, mean 1.7 × 2.2 μm in water. Basidia 2-or 4-spored, 23 -33 × 8 -12.5 μm, mean 27.6 × 10.5 μm, evanescent, hyaline, sterigmata 3.5 -12 Notes -The subtropical O. yaeyamaensis shares similar microscopic characters (i.e., medium-sized basidiospores surrounded by relatively small spines that each have only a single cavity) and habitat with Octaviania sp. "E", which was collected from Amami-oshima Island, about 700 km northeast from Ishigaki Island. Molecular data, however, confirm that they were distinct species in the same subgenus ( Fig. 1-3) . Octaviania yaeyamaensis is also morphologically similar to O. malaiensis (Corner & Hawker) Pegler & T.W.K. Young, which is one of the few known tropical species. Both species have whitish peridia, distinctly cyanescent glebae, and small spiny basidiospore ornaments with single cavities. However, O. malaiensis differs in its smaller basidiospores (i.e., mostly less than 10 μm diam) and basidiospore ornaments (i.e., less than 1.6 μm high in water). The combination of a rubbery, developed peridium that tinged more or less yellowish at maturity in combination with the pandan-like odour of the mature basidio mata is characteristic to O. yaeyamaensis. Orihara, sp. nov. -MycoBank MB563199; Fig. 14g -l ; Map 1
Octaviania etchuensis
Etymology. The epithet refers to the old name for Toyama Prefecture, Japan, where the holotype specimen was collected.
Basidiomata solitary or in small clusters, subhypogeous, up to 1.5 cm diam, subglobose to depressed globose, firm, rubbery, often with a short stipe up to 4 mm high at the base, surface smooth or partially with concolorous mycelial tufts, whitish in youth, dirty yellow to fulvous with reddish brown tint at maturity, turning bluish green to blackish where touched or bruised, with whitish dirty yellow to light-yellow rhizomorphs at the base. Pe ridium 0.3-1 mm thick when fresh, rubbery, context white. Gleba pale brown when immature, then blackish brown at maturity, glebal chambers mostly filled with masses of basidiospores and immersed in a glutinous matrix, trama white, turning bluish green and sometimes finally turning blackish when cut. Sterile base pulvinate or somewhat dendroid, beige, occasionally turning blackish when exposed to air. Odour faint, pleasant, similar to that of O. yaeyamaensis.
Basidiospores globose to broadly ellipsoid, weakly dextrinoid, spinose, 9.3 -(9.4 -)12.3(-12.8) × 8.1-10.8(-11.6) µm, mean 10.8 × 9.4 μm (SD: 0.75 [length], 0.67 [width]), Q = 1.04-1.15-1.36, walls 1-2 μm thick, with pedicel up to 6 μm long at the base, surface covered with dense, relatively small, low, poly gonal spines with single cavity inside the walls, 14-21 spines per circumference, 0.8-2.4 × (1-)1.1-2.9(-3) µm in water, mean 1.6 × 2 μm. Basidia clavate, colourless, 2-or 4-spored, evanescent, mostly collapsed. Cystidia and subhy menium not seen. Hymenia poorly developed, composed of basidia and interspersed basidioles. Trama colourless with light microscopy, composed of densely interwoven to subparallel, non-inflated, thin-walled (up to 0.8 μm thick), filamentous hyphae 2-7.5 μm broad, hyphae in fork of tramal plates loosely interwoven, filamentous. Sterile base of densely interwoven, colourless to slightly brownish, non-inflated filamentous hyphae 3.5-10(-14) μm broad, walls c. 1 μm thick. Peridium 200-750 μm thick in dried specimen; peridiopellis up to 150 μm thick, ochraceous to golden-yellow at surface, inner paler to colourless, of narrow, non-inflated filamentous hyphae 1.8-6.5 μm broad, partially inflated to 25 μm diam, parallel to subparallel to surface, hyphae in outermost portion strongly pigmented, walls up to 1.3 μm thick; peridial context up to 600 μm thick, colourless to slightly brownish, of densely interwoven to subparallel, filamentous hyphae when immature, then becoming darker and pseudoparenchymatous with cells up to 35 μm diam at maturity intermingled with narrower, thick-walled, filamentous hyphae, mature cell walls up to 3 μm thick, oleiferous hyphae not observed.
Habitat, Distribution & Season -Subhypogeous in Quer cus serrata and Pinus densiflora forests, rare; Honsyu (Japan); autumn (September to November).
Holotype. Japan, Toyama Pref., Nakakniikawa-gun, Tateyama Notes -Octaviania etchuensis is a rare species that is closely related to O. yaeyamaensis. Together these species constitute a unique monophyletic group within subg. Fulvo globus (Fig. 1-3) . Morphologically, both of these species have firm, moderately developed peridia, reduced appendages on the pedicels, and small spiny ornaments on their basidiospores. However, O. etchuensis has only been collected in temperate forests containing species of the deciduous Fagaceae and Pinus species whereas O. yaeyamaensis is known from subtropical forests with Castanopsis sieboldii subsp. lutchuensis. Morphologically, O. etchuensis has slightly smaller basidiospores than O. yaeyamaensis. In addition, O. etchuensis also has a more yellowish peridium that turns bluish green to blackish when touched or bruised whereas the peridium of O. yaeyamaensis has other staining reactions but does not turn black. The basidioma colour and the basidiospore dimensions of O. etchuensis are almost the same as those of O. kobayasii, but the subhymenial layer of the latter species is translucent and more developed, and the basidiospore ornaments of this species are larger than those of O. etchuensis.
Octaviania subgenus Octaviania
Typus subgeneris. Octaviania asterosperma Vittad.
Basidiomata hypogeous to subepigeous, soft, surface smooth to floccose to rimose, surface white when immature, then off-white to fuligineous grey at maturity, turning red to reddish brown or bluish green to cyaneous and finally blackish when injured. Peridium mostly thin, not becoming rubbery, context of thin-walled, non-inflated or partly inflated filamentous hyphae usually not exceeding 20 μm broad. (Fig. 1, 3) . However, we so far refrain from concluding their subgeneric position since most of them have not been reported for more than 50 years and their comprehensive molecular phylogeny is still infeasible until their reliable specimens are newly collected. Etymology. The epithet is named in honour of the authority of the basionym, Prof. Sanford Myron Zeller (1885 Zeller ( -1948 , who significantly contributed to taxonomy of sequestrate and gasteroid fungi.
Notes -Subgenus
Notes -The species was first described by Zeller (1948) as Hydnangium nigrescens based on a specimen collected from New York, USA. The species was later transferred to Octaviania by Singer & Smith (1960) . However, Cribb (1958) Orihara, Fig. 15 Etymology. The epithet referring to the type locality for the species, Mt Daisetsu, which is located in the middle of Hokkaido. Mt Asahi-dake is a part of Mt Daisetsu.
Octaviania asahimontana
Basidiomata solitary to gregarious, hypogeous to subhypogeous, up to 2.5 cm diam, subglobose to tuberculate, soft, more or less fragile, sessile, surface smooth to slightly tomentose, pure white to greyish white, turning red when touched or bruised, finally becoming dark reddish brown to black. Peridium not well developed, very thin but persistent. Gleba creamcoloured to pale brown when young, then blackish brown at maturity, glebal chambers minute (< 0.2 μm diam), with only a minimal glutinous matrix, trama whitish in thick portion but somewhat translucent in the narrower portion, the narrow portion of trama gradually turning blackish when exposed to air. Sterile base usually well developed, dendroid, white to pale whitish brown and columella-like. Rhizomorphs white. Odour unknown.
Basidiospores globose to broadly ellipsoid, weakly dextrinoid, warty to spiny, brown at maturity, 12.6-(13-)17.1(-17.7) × 11.3-15.6(-15.8) µm, mean 14.9 × 13.4 μm (SD: 1.11 [length], 1.07 [width]), Q = 0.95-1.27, walls 1.8-3 μm thick but exosporium gradually swollen up to 3.5 μm thick when mounted in acidic or alkaline solutions, surface densely covered with large, polygonal spines 1.5 -3.7(-3.8) × 2.2 -(2.4 -)5.5(-6.4) µm, mean 2.6 × 3.9 μm with 1-3 cavities inside each spore ornament wall. Basidia clavulate to doliiform, 2-4-spored, hyaline, evanescent, 17-30 × 8.5-14.2 μm, mean 24 × 11.5 μm, sterigmata 4-10 μm long. Hymenium composed of basidia and clavulate, doliiform or subspherical basidioles. Trama of white, thin-walled (up to 0.8 μm thick), non-inflated filamentous hyphae 2.5 -6(-7) μm broad with translucent, poly gonal to subspherical cells up to 33 μm diam, with bundles of parallel, filamentous hyphae running in the centre of the tramal plates. Peridium thin, 30 -200 μm thick, composed of only one layer, of thin-walled (up to 0.8 μm thick), white to ochraceous, filamentous hyphae 2-7 μm broad, hyphae almost congeneric with the tramal hyphae. Oleiferous hyphae often present within tramal tissue and peridial context, sinuate, reddish brown, partly inflated, 3.5-9 μm broad. Clamp connections absent in all tissues.
Habitat Notes -Among Japanese Octaviania spp., O. asahimon tana is unique in having a well-developed, dendroid sterile base (columella) and clavulate to doliiform basidia as well as its association with Betula trees in the boreal region. Two morphologically similar European species, O. lanigera Hesse and O. lutea Hesse are also collected under Betula trees in Germany. Octaviania lanigera, however, is morphologically distinct from O. asahimontana in having an undeveloped, pulvinate sterile base and a thicker peridium (nearly 1 mm) , Singer & Smith 1960 . We observed an authentic specimen of O. lanigera (NY780603) that was collected by R. Hesse in Germany 10 years after the holotype description, and confirmed that its basidiospores were also smaller than O. asahimontana (mean 11.8 × 10.6 μm excl. ornamentation, n = 15). Basidiospores of an authentic O. lutea specimen collected by R. Hesse (NY780607) were almost identical to that of O. lanigera and, thus were also smaller than basidiospores of O. asahimontana (mean 12.5 × 11.3 μm excl. ornamentation, n = 12). Octaviania cyanescens Trappe & Castellano, the probable sister species of O. asahimontana (Fig. 3, 4) , has similar basidiospore morphology to O. asahimontana but differs in having strongly cyanescent basidiomata and a gleba filled with a blackish brown spore mass.
The almost non-glutinous glebal cavities and the basidiospore walls that become swollen when mounted in acidic or alkaline solutions, are reminiscent of the genus Heliogaster, another morphologically similar, but independent sequestrate genus (Orihara et al. 2010) . Phylogenetic analyses clearly indicate that these similarities were the result of convergent evolution and also clarified that O. asahimontana is nested within the subclade B with Australian, European, and North American taxa and not with other Japanese taxa (Orihara et al. 2010 and this study). This suggests a biogeographical history that is independent from the other Japanese species. In November 1932, one basidioma of an Octaviania species was collected in Iwatamura, Kii (known today as Wakayama Prefecture). Mr. Kumagusu Minakata examined the basidioma and named it Octaviania atrovirens Minakata nom. inval., leaving a colour sketch and description (Kobayasi et al. 1987) . Kobayasi et al. (1987) later examined the sketch and description and identified the specimen as O. asterosperma. Undoubtedly, however, this description is insufficient to accurately identify the specimen (i.e., the description is based on only one basidioma and lacks microscopic observations), but it is not likely conspecific with the holotype of O. asterosperma. The yellowish tinge and bluish green stains mentioned in the description indicate that the specimen probably belongs to subg. Fulvoglobus and could represent either O. kobayasii or O. hesperi. However, since we have not been able to examine the specimen, its identity remains uncertain.
doubTFuL SPECIES
Key to the Japanese species of Octaviania (with notes on morphologically similar taxa from other world regions) Table 3 , Fig. 4 
dISCuSSIon
In this study we have proposed 11 new species and 2 subgenera (plus 1 autonym) in the genus Octaviania. At least one additional species (i.e., Octaviania sp. "E") was shown to be phylogenetically unique but will await formal description until mature specimens can be obtained and studied. The description of 11 species from Japan constitutes an approximately 60 % increase in the number of accepted Octaviania species to c. 30 species (Kirk et al. 2008 and see introduction of this paper).
Since the Japanese Archipelago has partially and repeatedly been connected to the continent until the late of the Pleistocene (Fujii 1990 ), these findings suggest that the genus Octaviania is probably highly diverse in Asia. It is likely that many more species remain to be described, particularly from Asian tropical and subtropical habitats where a few unique Octaviania species have already been reported (Corner & Hawker 1953 , Pegler & Young 1979 .
All of the phylogenetic analyses in this study recovered the three highly divergent clades within the genus Octaviania (clades A-C; Fig. 1-3 ). Clade A is morphologically and ecologically distinct and we have proposed a new subgenus Parcaea for this group. The other two have fewer distinct diagnostic morphological characters, despite the significant phylogenetic divergence among the three subgenera. One important character that differentiates subg. Octaviania is the peridial context that consists of thin-walled filamentous hyphae and does not become truly pseudomarenchymatous at maturity. In contrast, subg. Fulvo globus is characterized by basidiomata that become yellowish to tawny to rusty at maturity and a peridial context that consists of inflated hyphae intermingled with pseudoparenchymatous cells. However, immature specimens are very difficult to identify morphologically to the species level. Therefore, other methods that are applicable to identification of specimens at any stage, such as chemotaxonomical approaches as well as molecular techniques, would be helpful to facilitate subgenus-level delimitation in the genus Octaviania.
At the species level, we found few morphological characteristics that can be routinely used to discriminate among the Japanese Octaviania spp. Variations in the ultrastructure of cavities inside basidiospore ornaments is informative overall, but these characteristics are not always distinctive. It is possible, in most cases, to morphologically distinguish similar species by a combination of spore ornaments, basidiospore size, and habitat requirement or ectomycorrhizal host plant association. It should be noted here that the presence of cavities is not a character unique to the genus Octaviania (Orihara et al. 2010 ).
The phylogenetic analyses of the nLSU and combined dataset showed two different lineages of O. asterosperma (Fig. 1, 3 ). DNA sequences from the Spanish specimen (Trappe23377; nLSU sequence: JN37847) were recently generated as part of this study. This specimen was morphologically congruent with the lectotype specimen of the species (a duplicate sent from Muséum national d'Histoire naturelle [PC] to the USDA Forest Service Herbarium, Oregon, USA), and it was conspecific to O. asterosperma specimens collected from UK in the ITS phylogeny (Fig. 4) . This indicates that the name O. asterosperma has erroneously been applied to more than one European species.
The widespread use of the name O. asterosperma may obscure the true species distribution and confuse the taxonomy of other European Octaviania species, many of which have not been reported or closely studied in recent decades.
Although it is possible to identify most of the Japanese species of Octaviania morphologically, it is difficult or in some cases almost impossible to discriminate between the species in the subg. Parcaea (= Octaviania clade A) based on morphology alone. Accurate species delimitation within this subgenus is only currently possible via DNA sequences. All the phylogenetic analyses except nLSU single-gene analyses were highly informative and clearly separated the four cryptic species of subg. Parcaea (Fig. 1-5) . To evaluate the fidelity of these cryptic species, we also conducted distance-based network analyses, which visualize all the possible topology inferred from a dataset and, thus, can help to identify traces of hybridization, recombination or horizontal gene transfer (Huson 2009 , Huson & Bryant 2006 ). Although we cannot conclude reproductive isolation of each species based only on the few DNA loci used in this study, given the sympatric nature of these species (i.e., geographic distribution and vegetation), we consider that the networks shown in Fig. 4 authenticate that these cryptic species are reproductively independent (e.g., would be recognized by the biological species concept; Mayr 1942) . Although the description of morphologically cryptic species is confusing, it is indispensable for precise understanding of speciation, phylogeography, and accurate conservation of species in the subg. Parcaea. This study also shows that phylogenetic network methods can contribute to species-level or infraspecific delimitation of sequestrate fungi, since many of these fungi are so difficult to culture that it is unrealistic to directly apply the biological species concept to their taxonomy.
Phylogeography of Octaviania
Despite the fact that only two taxonomically undetermined Octaviania spp. had previously been reported in Japan (Kobayashi et al. 1987 , Yoshimi & Doi 1989 our data indicate that the genus is highly diverse across the country ( Fig. 1-4 ). In the most well resolved phylogeny based on the multigene dataset (Fig. 3 ), the 12 species-level lineages were scattered across the 3 subgenera (i.e., clades A -C). Octaviania asahimontana is nested within the subclade B, which also includes European, Australian, and North American taxa. Furthermore, this species and O. herperi have independent sister relationships with the North American taxa in subg. Octaviania and Fulvoglobus, respectively ( Fig. 1-3) . Geographically, the mainland of Japan had repeatedly been connected to the Asian continent until the middle Pleistocene via Tsushima and Tsugaru Straits (c. 0.16 Mya B.P. and 0.13 Mya B.P., respectively; Kizaki & Oshiro 1977 , Fujii 1990 , Oshima 2000 ; Map 1). Given that sequestrate fungi depend largely on animal mycophagy for their spore dispersal (Kretzer et al. 2005) and that overseas spore dispersal by these fungi is thought to be rare, the extant species in Japan are considered to have been derived from the continent before the last submergence of these land bridges. From a phylogeographical standpoint, this strongly suggests that Octaviania is also highly diverse in China and Southeast Asia, where the genus has not been adequately sampled. This also implies that records of the East Asian Octaviania species need to be re-evaluated since Asian specimens are usually assigned to European or North American species names (e.g., Tao et al. 1998) . Additionally, more extensive examination of the East Asian Octaviania collections will be essential for more precise understanding of biogeographical history of Japanese Octaviania spp. as well as that of Southeast Asian species such as O. borneensis and O. malaiensis.
Within O. nonae, there were slight but distinct differences in the ITS and nLSU sequences between Amami-oshima and Honsyu/Kyusyu (mainland) specimens (i.e., 2.6 % in ITS and 0.9 % in nLSU). This could reflect geographic isolation of the northern Ryukyu superisland including Amami-oshima Island from the continent by the Tokara Strait, which had been formed by the early Pleistocene (Hikida & Ota 1997 , Ota 1998 , Otsuka & Takahashi 2000 ; Map 1). The Tokara Strait is biogeographically considered to be the border between Palearctic and Oriental regions, and similar divergence is widely recognized in amphibians and reptiles between these regions (Hikida & Ota 1997 , Toda et al. 1999 ). This strongly suggests that the four cryptic species of subg. Parcaea had speciated by the Gelasian in the early Pleistocene (1.806-2.588 Mya B.P.), the era that the Japanese Archipelago had been connected to the Asian continent. Based on this estimation, subg. Parcaea is considered to be of continental origin and it is highly possible that other unknown species of the subgenus are present in East or Southeast Asia. As far as we know, this is the first example of distinct phylogeographic divergence of sequestrate fungi between the mainland of Japan and the Ryukyu Archipelago.
Another phylogeographically notable relationship is that the O. etchuensis specimen collected from Toyama Prefecture, central Honsyu (the mainland of Japan), was sister to O. yaeya maensis collected from Ishigaki Island, one of the southernmost islands of Japan and c. 1 800 km distant from Toyama Prefecture (Map 1). This seems strange based on the present geography of Japan, but can be explained in accordance with paleogeography of the region. The Ishigaki Island had been repeatedly connected to Taiwan and China via a land bridge until the middle or late Pleistocene (Ota 1998 , Kimura 2000 . Thus, we presume that the common ancestor between O. etchuensis and O. yaeyamaensis was present on the Asian continent and it had already diverged from the other lineages of the clade C shown in Fig. 3 . This also implies that extant species closely related to O. etchuensis and O. yaeyamaensis might still be present in the region.
